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ABSTRACT 

T h i s  memorandum enumera te s  and i n t e g r a t e s  t h e  con- 
s t r a i n t s  on t h e  t i m e l i n e  f o r  t h e  e a r t h  o r b i t a l  p o r t i o n  o f  t h e  
l u n a r  l a n d i n g  m i s s i o n .  T h e r e  a re  two l a u n c h  v e h i c l e  hardware 
c o n s t r a i n t s  t h a t  bound t h e  a l l o w a b l e  s t a y  t i m e  i n  o r b i t  be tween 
a minimum o f  80 m i n u t e s  and a maximum of  270  m i n u t e s .  The crew 
t i m e l i n e  f o r  ea r th  o r b i t a l  checkout  p r i o r  t o  t r a n s l u n a r  i n j e c t i o n  
i s  s t i l l  i n  t h e  f o r m a t i v e  s t a g e  of deve lopmen t .  A p r e l i m i n a r y  
crew t i m e l i n e  i n d i c a t e s  t h a t  t h e  minimum t i m e  r e q u i r e d  f o r  s p a c e  
v e h i c l e  checkou t  i s  a b o u t  1 3 6  m i n u t e s .  However, t h e  checkou t  
r e q u i r e m e n t s  and  t h e  t imes r e q u i r e d  f o r  s p e c i f i c  s y s t e m  checks  
a r e  " s o f t " .  F i n a l l y ,  t h e  p o s s i b l e  e f f e c t  o f  two m a j o r  open 
i t e m s  are  d i s c u s s e d .  These items a r e :  1) whethe r  a i r  or oxygen 
i s  u s e d  on t h e  pad t o  p r e s s u r i z e  t h e  s p a c e c r a f t ;  and 2 )  whe the r  
or n o t  t h e  s p a c e c r a f t ' s  i n e r t i a l  p l a t f o r m  r e q u i r e s  r e a l i g n m e n t  
i n  ea r th  o r b i t .  

{NASA-CR-93050) 

17 P 

CONSTRATMTS ON THE APOLLO L EBBTX O R B I T A L  T I t l E L X N E  (Bellcomm, InC-1 N79-71852 

U n c l a s  



BELLCOMM. I N C .  
1100 Seventeenth Street, N.W. Washington, D.C. 20036 

SUBJECTt C o n s t r a i n t s  on t h e  Apollo 
E a r t h  O r b i t a l  T i m e l i n e  
Case 310  

DATEr November 7 ,  1 9 6 7  

FUOM: R .  E .  D r i s c o l l  
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I .  I N T R O D U C T I O N  

T h i s  memorandum enumera te s  and  i n t e g r a t e s  t h e  c o n s t r a i n t s  
on t h e  t i m e l i n e  f o r  t h e  e a r t h  o r b i t a l  p o r t i o n  o f  t h e  l u n a r  l a n d i n g  
m i s s i o n .  A t  t h i s  p o i n t  i n  t ime  t h e r e  a r e  r e l a t i v e l y  f e w  h a r d  con- 
s t r a i n t s .  T h e r e  are  two c o n s t r a i n t s  d e a l i n g  w i t h  t h e  S-IVB and 
S a t u r n  V I n s t r u m e n t  U n i t  (IU)* which bound t h e  a l l o w a b l e  s t a y  
t i m e  i n  o r b i t  p r i o r  t o  T r a n s l u n a r  I n j e c t i o n  ( T L I )  and a re  d i s c u s s e d  
i n  S e c t i o n  11. The crew tasks and t i m e l i n e  from i n s e r t i o n  t o  i n -  
j e c t i o n  a re  p r e l i m i n a r y  i n  n a t u r e  p e n d i n g  f l i g h t  and s i m u l a t i o n  
v e r i f i c a t i o n .  T h i s  a p p l i e s  n o t  o n l y  t o  t h e  es t imate  o f  t h e  t i m e  
r e q u i r e d  t o  p e r f o r m  t h e  sys tems checks  b u t  t o  t h e  n e c e s s a r y  sys t em 
checks  as w e l l .  S e c t i o n  I11 p r e s e n t s  a p r e l i m i n a r y  t i m e l i n e  and  
d i s c u s s e s  t h e  o p e r a t i o n a l  and s y s t e m s  c o n s t r a i n t s  i n v o l v e d  i n  
e f f e c t i n g  t h e  c h e c k o u t .  

T h e r e  a re  two major  open i tems which c a n  impac t  t h e  
minimum t i m e  r e q u i r e d  t o  p r e p a r e  t h e  s p a c e c r a f t  f o r  T L I .  The 
f i r s t  i s  t h e  t y p e  o f  a tmosphere u s e d  t o  p r e s s u r i z e  t h e  CM on t h e  
pad  and t h e  second  dea l s  w i t h  t h e  n e e d  t o  r e a l i g n  t h e  s p a c e c r a f t ' s  
i n e r t i a l  p l a t f o r m  ( I M U )  p r i o r  t o  T L I .  These  i tems a re  d i s c u s s e d  
i n  S e c t i o n  I V .  

11. SPACE VEHICLE HARDWARE AND SOFTWARE CONSTRAINTS 

T h e r e  are two c o n s t r a i n t s  d e a l i n g  w i t h  t h e  S-IVB t h a t  
i n i t i a l l y  bound t h e  minimum and maximum s t a y  t i m e  i n  e a r t h  o r b i t  
p r i o r  t o  T r a n s l u n a r  I n j e c t i o n  ( T L I ) .  F i r s t ,  t h e  S-IVB r e q u i r e s  
80 m i n u t e s  b e f o r e  a r e s t a r t  i s  p o s s i b l e  i n  o r d e r  t o  a l l o w  t h e  
J-2 e n g i n e  t u r b i n e  s y s t e m  t o  c o o l  s u f f i c i e n t l y  f o r  a s t ab le  re-  
s t a r t .  T h i s  c o n s t r a i n t ,  t h e r e f o r e ,  d e f i n e s  t h e  minimum t i m e  t h a t  
must b e  s p e n t  i n  e a r t h  o r b i t .  ( T h e  c o n s t r a i n t  e s s e n t i a l l y  n e g a t e s  
t h e  p o s s i b i l i t y  o f  T L I  o c c u r r i n g  d u r i n g  t h e  f i r s t  A t l a n t i c  and 
t h e  f i r s t  P a c i f i c  o p p o r t u n i t i e s ) .  S e c o n d l y ,  t h e  I U  h a s  been  de- 
s i g n e d  t o  e n s u r e  a l i f e t i m e  of 6-112 h o u r s .  A s  a r e s u l t ,  t h e  I U  
s y s t e m s  were d e s i g n e d  w i t h  s a f e t y  marg ins  s u f f i c i e n t  t o  meet t h i s  
r e q u i r e m e n t  w i t h  a h i g h  degree  of c o n f i d e n c e .  With t h e s e  m a r g i n s ,  

*A d i r e c t o r y  o f  a b b r e v i a t i o n s  i s  c o n t a i n e d  i n  T a b l e  11. 
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t h e  s y s t e m s  l i m i t i n g  t h e  I U  l i f e t i m e  a re  t h e  e l e c t r i c a l  power 
s y s t e m  and  t h e  e n v i r o n m e n t a l  c o n t r o l  s y s t e m .  Upcoming Apo l lo  
t e s t  m i s s i o n s  w i l l  p r o v i d e  a d d i t i o n a l  s y s t e m s  d a t a  and  c o u l d  
i ' e su l t  i n  a n  i n c r e a s e  of  I U  l i f e t i m e  w i t h o u t  s i g n i f i c a n t l y  
a f f e c t i n g  t h e  r e l i a b i l i t y  o f  t h e  I U  s y s t e m s .  S i n c e  two h o u r s  
have  been  a l l o c a t e d  t o  p o s t  T L I  o p e r a t i o n s  ( t r a n s p o s i t i o n ,  dock- 
i n g ,  and s e p a r a t i o n ) ,  a maximum o f  4 -1 /2  h o u r s  or 270 m i n u t e s  
r ema in  f o r  e a r t h  o r b i t a l  o p e r a t i o n s .  Four  and o n e - h a l f  h o u r s  
t h e n  d e f i n e  t h e  c u r r e n t  maximum s t a y  t i m e  i n  o r b i t  p r i o r  t o  T L I .  

T h e r e  i s  one  l aunch  v e h i c l e  pe r fo rmance  and  s o f t w a r e  
c o n s t r a i n t .  T h i s  c o n s t r a i n t  l i m i t s  t h e  number o f  a l t e r n a t e  i n -  
j e c t i o n  o p p o r t u n i t i e s  t o  one and r e q u i r e s  t h a t  t h e  one  a l t e r n a t e  
a p p o r t u n i t y  o c c u r  d u r i n g  t h e  o r b i t  p r e c e d i n g  or f o l l o w i n g  t h e  
p r i m e  i n j e c t i o n  o p p o r t u n i t y .  T h i s  d o e s  n o t  f u r t h e r  l i m i t  i n j e c -  
t i o n  o p p o r t u n i t i e s ,  i n  l i g h t  o f  t h e  two p r e v i o u s l y  ment ioned  
hardware c o n s t r a i n t s  , r a t h e r  i t  i n d i c a t e s  t h a t  t h e  two p o s s i b l e  
i n j e c t i o n  o p p o r t u n i t i e s  are c u r r e n t l y  i n  t h e  second  and t h i r d  
o r b i t s .  

The o n l y  o t h e r  i d e n t i f i a b l e  l a u n c h  v e h i c l e  c o n s t r a i n t  
p r o h i b i t s  t h e  maximum commanded a t t i t u d e  i n  t h e  yaw p l a n e  from 
e x c e e d i n g  45'. T h i s  c o n s t r a i n t  i s  imposed t o  p r e v e n t  g i m b a l  
l o c k  on t h e  ST-124 ( I U  i n e r t i a l  p l a t f o r m ) .  T h i s  c o n s t r a i n t  
s h o u l d  have  no e f f e c t  on t h e  t i m e l i n e  even  i f  t h e  s p a c e c r a f t ' s  
I M U  i s  r e a l i g n e d  i n  e a r t h  o r b i t .  

T h e r e  are  no known s p a c e c r a f t  hardware c o n s t r a i n t s  
which a f f e c t  t h e  e a r t h  o r b i t a l  t i m e l i n e .  The s p a c e c r a f t  does  
have  a n  a t t i t u d e  c o n s t r a i n t  s imi la r  t o  t h a t  men t ioned  f o r  t h e  
S - I V B / I U .  Tha t  i s ,  t h e  maximum commanded a t t i t u d e  i n  t h e  yaw 
p l a n e  must n o t  exceed  70". Again,  t h i s  has no e f f e c t  on t h e  
t i m e  l i n e .  

111. OPERATIONAL CONSTRAINTS AND CHECKOUT REQUIREMENTS 

Communications and T r a c k i n g  

There  a r e  two o p e r a t i o n a l  c o n s t r a i n t s  d e a l i n g  w i t h  
t h e  communicat ion r e q u i r e m e n t s  i n  e a r t h  o r b i t  p r i o r  to T L I  
( R e f e r e n c e  10). The f i r s t  s t a t e s  t h a t  a minimum o f  two t r a c k -  
i n g ,  command, t e l e m e t r y  and v o i c e  c o n t a c t s  o f  f o u r  m i n u t e s  
minimum d u r a t i o n  above 5" e l e v a t i o n  i s  r e q u i r e d  p r i o r  t o  i n j e c -  
t i o n .  If i n j e c t i o n  does  n o t  o c c u r  i n  t h e  f i r s t  r e v o l u t i o n  two 
s u c h  c o n t a c t s  a re  r e q u i r e d  p e r  r e v o l u t i o n .  The second  r e q u i r e -  
ment s t a t e s  t h a t  a t  l e a s t  one four -minute  c o n t a c t  above  5" e l e -  
v a t i o n  w i t h  a ground s t a t i o n  h a v i n g  command, t e l e m e t r y ,  and v o i c e  
c a p a b i l i t y  i s  r e q u i r e d  d u r i n g  t h e  one-hour p e r i o d  b e g i n n i n g  
n i n e t y  m i n u t e s  b e f o r e  and end ing  t h i r t y  m i n u t e s  b e f o r e  t r a n s l u n a r  
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i n j e c t i o n  i g n i t i o n .  These c o n s t r a i n t s  r e p r e s e n t  t h e  minimum 
communicat ions r e q u i r e d  f o r :  1) o r b i t  d e t e r m i n a t i o n ;  2 )  GO/NOGO 
d e c i s i o n s  and t i m e  h a c k s ;  3) d e t e r m i n i n g  p h y s i c a l  c o n d i t i o n  o f  
t h e  crew; 4) ground a s s e s s m e n t  o f  s p a c e  v e h i c l e  s y s t e m s  and 
consumab les ;  and 5 )  ground g e n e r a t e d  u p d a t e  o f  s t a t e  v e c t o r  and  
TLI p a r a m e t e r s .  With t h e  p r e s e n t l y  p l a n n e d  MSFN s t a t i o n s  and 
w i t h  optimum p lacemen t  o f  communication s h i p s ,  t hese  c o n s t r a i n t s  
do n o t  a p p e a r  t o  a f f e c t  any i n j e c t i o n  o p p o r t u n i t i e s ,  commencing 
w i t h  t h e  s e c o n d  o r b i t  which i s  c o n s i d e r e d  t o  p r e s e n t  t h e  f i r s t  
o p p o r t u n i t y  due t o  t h e  S-IVB c o n s t r a i n t  ment ioned  i n  S e c t i o n  11. 
( R e f e r e n c e  1 2  and 1 3  v e r i f y  a d e q u a t e  communica t ions  c o v e r a g e . )  

Checkout 

The n e x t  i t e m  t o  be d i s c u s s e d  i s  t h e  checkou t  a c t i v i -  
t i e s  and r e q u i r e m e n t s  p r i o r  t o  T L I .  T h i s  i s  one o f  t h e  most 
i m p o r t a n t  areas i n  terms of  c o n s t r a i n i n g  t h e  o r b i t a l  t i m e l i n e  
and a l s o  happens  t o  be one o f  t h e  " s o f t e s t " ,  a t  t h i s  t i m e .  T h e  
r e a s o n  i s  t h e  l a c k  o f  i n - f l i g h t  and s i m u l a t i o n  da t a  needed  t o  
v e r i f y  t h e  t i m e s  and checkout  p r o c e d u r e s  r e q u i r e d  p r i o r  t o  t h e  
T L I  d e c i s i o n .  

T a b l e  I c o n t a i n s  a r e p r e s e n t a t i v e  e a r t h  o r b i t  t i m e l i n e  
and sequence  o f  e v e n t s .  I t  was e x t r a c t e d  from R e f e r e n c e  1 b u t  
was m o d i f i e d  t o  r e f l e c t  an  oxygen a t m o s p h e r e ,  r a t h e r  t h a n  a i r ,  
i n  t h e  CM a t  l i f t o f f .  I n c l u d e d  i n  t h e  t a b l e  a r e :  1) t h e  i n d i -  
v i d u a l  crew member a c t i v i t i e s  i n  e a r t h  o r b i t ;  2 )  t i m e  r e f e r e n c e d  
t o  l i f t o f f ;  3 )  ground communication c o v e r a g e  above 5" e l e v a t i o n ,  
and 4) i n t e r v a l s  d u r i n g  which t h e  s p a c e  v e h i c l e  i s  i n  e a r t h  
shadow. A l s o  shown as a f u n c t i o n  o f  t i m e  from l i f t o f f  a r e  t h e  
i n j e c t i o n  o p p o r t u n i t i e s . *  A - p p ~ n d i x  A contains a b r i e f  d e s c r i p t i o n  
o f  e a c h  a c t i v i t y  pe r fo rmed  i n  e a r th  o r b i t .  

* I n h e r e n t  i n  t h e  Apo l lo  earth-moon geometry  i s  t h e  e x i s t e n c e  
o f  two d i s c r e t e  l a u n c h  windows e a c h  d a y .  Launches from t h e s e  
windows g e n e r a l l y  r e s u l t  i n  two m a r k e d l y  d i f f e r e n t  t r a n s l u n a r  
t r a j e c t o r i e s .  One s i g n i f i c a n t  i d e n t i f y i n g  c h a r a c t e r i s t i c  i s  
t h a t  t h e  t r a n s l u n a r  i n j e c t i o n  p o i n t s  a s s o c i a t e d  w i t h  one window 
t e n d  t o  f a l l  i n  t h e  v i c i n i t y  o f  t h e  A t l a n t i c  Ocean and T L I  
p o i n t s  f o r  t h e  o t h e r  window f a l l  i n  t h e  P a c i f i c  v i c i n i t y .  Hence,  
t h e s e  l a u n c h  windows have come t o  be d i s t i n g u i s h e d  as A t l a n t i c  
o p p o r t u n i t i e s  and P a c i f i c  o p p o r t u n i t i e s .  F o r  e a c h  l a u n c h  window, 
a TLI  o p p o r t u n i t y  w i l l  o c c u r  once each  o r b i t ;  t h u s ,  w e  have  a 
f i r s t  ( o r b i t )  A t l a n t i c  o p p o r t u n i t y ,  f i r s t  P a c i f i c  o p p o r t u n i t y ,  
s e c o n d  A t l a n t i c  o p p o r t u n i t y ,  e t c .  The e x a c t  t i m e  o f  any T L I  
depends  on t h e  d e c l i n a t i o n  of t h e  moon. T a b l e  I shows t h e  t i m e  
" b r a c k e t "  f o r  each  o p p o r t u n i t y  where a b r a c k e t  encompasses  a n  
e n t i r e  l u n a r  month or c y c l e  ( f r o m  a s c e n d i n g  node t o  a s c e n d i n g  
n o d e ) .  
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The o p e r a t i o n s  enumera ted  i n  T a b l e  I can  be g r o u p e d  
i n t o  t h r e e  g e n e r a l  f u n c t i o n s :  1) p o s t  i n s e r t i o n  e v a l u a t i o n ;  
2 )  s y s t e m s  c a p a b i l i t y  e v a l u a t i o n ;  and 3 )  t h e  f i n a l  p r e p a r a t i o n s  
f o r  t h e  i n j e c t i o n  maneuver .  The p o s t  i n s e r t i o n  e v a l u a t i o n  i s  
pe r fo rmed  i n  a b o u t  t h e  f i r s t  t e n  m i n u t e s  f o l l o w i n g  t h e  f i r s t  
S-IVB c u t o f f .  I t  c o n s i s t s  of a p r e l i m i n a r y  e v a l u a t i o n  o f  t h e  
c r i t i c a l  s p a c e  v e h i c l e ' s  sys t ems  s t a t u s ,  a f t e r  b e i n g  s u b j e c t e d  
to t h e  l a u n c h  e n v i r o n m e n t ,  and a d e t e r m i n a t i o n  o f  t h e  s a f e t y  
o f  t h e  e a r t h  p a r k i n g  o r b i t .  The s y s t e m  s t a t u s  i s  a s s e s s e d  
j o i n t l y  by  t h e  crew,  u s i n g  on-board d i s p l a y s ,  and by g r o u n d  
s u p p o r t  p e r s o n n e l  u s i n g  s p a c e  v e h i c l e  t e l e m e t r y  da ta .  The d e t e r -  
m i n a t i o n  o f  t h e  a c h i e v e d  o r b i t  i s  p r i m a r i l y  done on t h e  g round  
u s i n g  radar  t r a c k i n g  data  and o u t p u t s  f rom t h e  l a u n c h  v e h i c l e  
and s p a c e c r a f t  on-board n a v i g a t i o n  s y s t e m s .  I n  a d d i t i o n ,  t h e  
crew must r e c o n f i g u r e  t h e  s p a c e c r a f t  f o r  c o a s t i n g  f l i g h t .  
( D u r i n g  t h e  l a u n c h  phase ,  t h e  s p a c e c r a f t  i s  c o n f i g u r e d  f o r  a 

~ p o s s i b l e  a b o r t ;  h e n c e ,  i t  has equipment  o p e r a t i n g  i n  modes n o t  
r e q u i r e d  i n  e a r t h  o r b i t .  Fo r  example ,  t h e  SPS g i m b a l  moto r s  
are a c t i v a t e d  d u r i n g  t h e  l aunch  phase .  T h i s  r e q u i r e s  t h e  EPS 
to b e  c o n f i g u r e d  f o r  peak  power l o a d s .  A f t e r  i n s e r t i o n  i n t o  a 
s a f e  e a r t h  o r b i t ,  t h e  g i m b a l  mo to r s  a re  t u r n e d  o f f  and t h e  EPS 
c o n f i g u r e d  f o r  c o a s t i n g  f l i g h t  i n  o r d e r  t o  c o n s e r v e  e l e c t r i c a l  
power.  ) 

~0 

The s e c o n d  f u n c t i o n  ( t h e  s y s t e m s  c a p a b i l i t y  e v a l u a t i o n )  
r e q u i r e s  t h e  m a j o r i t y  of time i n  e a r t h  o r b i t ,  e x t e n d i n g  from 
a b o u t  i n s e r t i o n  p l u s  t e n  minu tes  t o  a b o u t  i n j e c t i o n  minus e l e v e n  
m i n u t e s  or a t o t a l  d u r a t i o n  o f  a p p r o x i m a t e l y  115 m i n u t e s .  It 
i s  d u r i n g  t h i s  i n t e r v a l  t h a t  d e t a i l e d  s y s t e m s  c h e c k o u t s  are  con- 
d u c t e d  i n c l u d i n g  dynamic checks on a l l  components and a l t e r n a t e  
modes n e c e s s a r y  f o r  crew s a f e t y .  Many o f  t h e  n p e r a t l o n s  do n o t  
p r o v i d e  m a i n t e n a n c e  or improve t h e  s t a t u s  o f  t h e  s y s t e m  i n  t h e  
s e n s e  t h a t  a r e s t o r a t i o n  o f  consumables  o r  a n  i n e r t i a l  p l a t f o r m  
a l i g n m e n t  improve t h a t  s t a t u s .  I n s t e a d ,  t hese  o p e r a t i o n s  a re  
d i r e c t e d  toward  v e r i f i c a t i o n  of  t h e  s y s t e m  s t a t u s  f o l l o w i n g  
l a u n c h  i n t o  e a r t h  o r b i t ,  For i n s t a n c e ,  t h e  f u e l  c e l l  p u r g e  
a c t i v i t y  d e m o n s t r a t e s  t h e  c o n d i t i o n  o f  t h e  p u r g e  s y s t e m ;  i t  d o e s  
n o t  m a r k e d l y  improve t h e  s t a t u s  o f  t h e  f u e l  c e l l s .  ( P u r g e s  
n o r m a l l y  are  s c h e d u l e d  a t  24-hour i n t e r v a l s . )  Even t h e  IMU r e -  
a l i g n m e n t  may b e  j u s t i f i a b l e  s o l e l y  as v e r i f y i n g  t h e  c o n d i t i o n  
o f  t h e  o p t i c a l  a l i g n m e n t  equipment .  However, a l l  these  s y s t e m  
checks  a re  t i m e  consuming,  impose a heavy work l o a d  on t h e  c rew,  
and c a n  impose a d d i t i o n a l  c o n s t r a i n t s  on t h e  r e q u i r e d  t i m e  i n  
o r b i t .  These  c o n s t r a i n t s  w i l l  b e  d i s c u s s e d  s h o r t l y .  

o 

The l a s t  f u n c t i o n  t o  b e  pe r fo rmed  i n  e a r t h  o r b i t  i s  
t h e  f i n a l  p r e p a r a t i o n s  f o r  t h e  T L I  maneuver .  T h i s  c o n s i s t s  o f  

0 
a f i n a l  s y s t e m s  s t a t u s  check and a r e c o n f i g u r a t i o n  o f  t h e  s p a c e -  
c r a f t ' s  s y s t e m s  f o r  t h e  i n j e c t i o n  maneuver and r e q u i r e s  a b o u t  
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1 0  to 15 minu tes  (11 m i n u t e s  i n  T a b l e  I ) .  The s p a c e c r a f t  r e -  
c o n f i g u r a t i o n  c o n s i s t s  ma in ly  o f  i n s u r i n g  t h a t :  1) t h e  n e c e s s a r y  
C & N  m o n i t o r i n g  program i s  c a l l e d  up and p r o p e r l y  u p d a t e d ;  2 )  t h e  
SPS i s  p r o p e r l y  c o n d i t i o n e d  i n  t h e  e v e n t  i t  i s  r e q u i r e d  f o r  an  
a b o r t ;  3 )  t h e  e l e c t r i c a l  power s y s t e m  i s  p r e p a r e d  f o r  peak  power 
l o a d  o p e r a t i o n ;  and  4) t h e  Cau t ion  and  Warning Sys t em i n d i c a t e s  
no s y s t e m  m a l f u n c t i o n s .  The crew a l s o  m o n i t o r s  t h e  T L I  a t t i t u d e  
maneuver ,  t h e  S-IVB u l l a g e  e n g i n e  i g n i t i o n  and  t h r u s t i n g ,  and  
pe r fo rms  a f i n a l  countdown t o  S-IVB e n g i n e  i g n i t i o n .  

The sequence  o f  o p e r a t i o n s  as d e p i c t e d  i n  T a b l e  I i s  
c o n s t r a i n e d  by t h e  f o l l o w i n g  f a c t o r s :  1) a c t i v i t i e s  t h a t  must b e  
pe r fo rmed  d u r i n g  a p a r t i c u l a r  t i m e  i n t e r v a l ;  2 )  a c t i v i t i e s  t h a t  
r e q u i r e  more t h a n  one crew member; and 3 )  a c t i v i t i e s  t h a t  must 
be  pe r fo rmed  s e r i a l l y .  The  heavy a r rows  on T a b l e  I i n d i c a t e  
i t e m s  w i t h i n  t h e  e a r t h  p a r k i n g  o r b i t  o p e r a t i o n s  which a re  con- 
s t r a i n t s  i n  t h a t  t h e y  a r e  s e r i a l ,  r e q u i r e  more t h a n  one man, or 
are  dependen t  on communica t ions ,  l i g h t i n g ,  e t c .  ; t h e  l i g h t i n g  
and  communicat ions c o n s t r a i n t s  however w i l l  be v e r y  s e n s i t i v e  
to t h e  l a u n c h  d a t e  and  t i m e .  The  s y s t e m s  c a p a b i l i t y  e v a l u a t i o n  
(or d e t a i l e d  s y s t e m s  c h e c k s )  i s  c o n s t r a i n e d  by  a l l  t h r e e  f a c t o r s  
and  s i n c e  t h i s  f u n c t i o n  c o n s t i t u t e s  t h e  m a j o r  c o n s t r a i n t  on t h e  
t o t a l  l e n g t h  of t h e  t i m e l i n e ,  t h e  f o l l o w i n g  d i s c u s s i o n  w i l l  b e  
r e s t r i c t e d  t o  a c t i v i t i e s  per formed w i t h i n  t h i s  t i m e  i n t e r v a l .  

Sys tems C a p a b i l i t y  E v a l u a t i o n  

The key c o n s t r a i n i n g  i t e m  i n  T a b l e  I i s  t h e  I M U  a l i g n -  
ment .  The r e a s o n  i t  i s  t h e  key i s  t h a t  i t  was assumed t h a t  t h e  
a l i g n m e n t  must be pe r fo rmed  w i t h  t h e  s p a c e  v e h i c l e  i n  e a r t h  
shadow. T h i s  a s s u m p t i o n  i s  based on p r e v i o u s  manned m i s s i o n  
e x p e r i e n c e s  d u r i n g  which t h e  a s t r o n a u t s  have had  d i f f i c u l t y  ac -  
q u i r i n g  s t a r s  w h i l e  i n  d a y l i g h t  i n  n e a r  e a r t h  o r b i t s .  T h i s  i n -  
a b i l i t y  t o  l o c a t e  s t a r s  i s  t h o u g h t  t o  be caused  by e a r t h  s h i n e  
w h i l e  i n  low a l t i t u d e  e a r t h  o r b i t s  and b y  s u n l i g h t  r e f l e c t e d  o f f  
t h e  s p a c e c r a f t ' s  s t r u c t u r e  i n t o  t h e  o p t i c a l  f i e l d  o f  v iew.  Addi- 
t i o n a l  a t t e m p t s  w i l l  b e  made on Apo l lo  t e s t  m i s s i o n s  b u t  u n t i l  i t  
i s  p r o v e n  t h a t  s ta rs  can  b e  s e e n  i n  e a r t h  d a y l i g h t ,  I M U  a l i g n m e n t  
w i l l  b e  p l a n n e d  t o  o c c u r  i n  e a r t h  shadow. T h i s  o b v i o u s l y  compl i -  
c a t e s  t h e  c o n s t r u c t i o n  o f  t h e  e a r t h  o r b i t a l  p o r t i o n  o f  t h e  l u n a r  
l a n d i n g  m i s s i o n  t i m e l i n e .  S i n c e  l a u n c h  t i m e  i s  dependen t  on 
l a u n c h  d a t e  and  t h e  d a t e  o f  t h e  l u n a r  l a n d i n g  m i s s i o n  i s  not now 
known, t h e r e  i s  no  way of p r e d i c t i n g  how e a r l y  or l a t e  a f t e r  i n -  
s e r t i o n  i n t o  e a r t h  o r b i t  t h e  s p a c e  v e h i c l e  w i l l  e n t e r  e a r t h  
shadow. It  i s  q u i t e  p o s s i b l e  t h a t  d u r i n g  t h e  b e g i n n i n g  o f  a 
l a u n c h  window t h e r e  i s  s u f f i c i e n t  t i m e  to p e r f o r m  a n  I M U  a l i g n -  
ment e a r l y  i n  t h e  f i r s t  o r b i t ,  b u t  a t  t h e  end  o f  t h e  l a u n c h  
window t h e r e  i s  n o t  s u f f i c i e n t  t i m e  and  h e n c e ,  t h e  a l i g n m e n t  
must be  p o s t p o n e d  u n t i l  t h e  n e x t  o r b i t ,  p o s s i b l y  r e s u l t i n g  i n  
a m i s s e d  i n j e c t i o n  o p p o r t u n i t y .  However, l e t  u s  assume,  as was 
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done i n  T a b l e  I ,  t h a t  t h e  l aunch  d a t e  and t ime a re  known and 
t h e  a l i g n m e n t  i s  s c h e d u l e d  t o  o c c u r  i n  e a r t h  shadow. The I M U  
a l i g n m e n t  r e q u i r e s  t h e  u s e  o f  t h e  Command Module Computer ( C M C ) .  
O p e r a t i o n s  which r e q u i r e  t h e  u s e  o f  t h e  CMC a r e  pe r fo rmed  s e r i a l l y .  
Thus o t h e r  a c t i v i t i e s  s u c h  a s  t h e  p u l s e d  i n t e g r a t i n g  p e n d u l o u s  
a c c e l e r o m e t e r  ( P I P A )  b i a s  check ,  s t a t e  v e c t o r  u p d a t e  and  Guidancxe 
and  N a v i g a t i o n  Sys tem AV p r e p a r a t i o n s ,  must b e  s c h e d u l e d  a round  
t h e  a l i g n m e n t .  A d e l a y  i n  c o m p l e t i n g  any o f  t h e s e  a c t i v i t i e s  
w i l l  s e r i a l l y  add t o  t h e  t o t a l  checkou t  t i m e .  I n  a d d i t i o n ,  t h p  
a l i g n m e n t  r e q u i r e s  t h e  s p a c e  v e h i c l e  t o  b e  o r i e n t e d  i n  a s t a b l e  
a t t i t u d e ;  h e n c e ,  dynamic c h e c k s ,  s u c h  as t h e  SM RCS f i r i n g  t e s t ,  
t h a t  d i s t u r b  t h e  o r i e n t a t i o n  must b e  conduc ted  b e f o r e  o r  a f t e r  
t h e  a l i g n m e n t .  

The re  are  o t h e r  o p e r a t i o n s  b e s i d e s  t h e  I M U  a l i g n m e n t  
t h a t  c o n s t r a i n  t h e  t i m e l i n e  i n  t h a t  t h e y  must b e  pe r fo rmed  a t  
a f i x e d  t i m e .  These  a re  a c t i v i t i e s  t h a t  r e q u i r e  s p a c e c r a f t /  
g r o u n d  communicat ions s u c h  a s  t h e  communicat ions t e s t ,  t h e  s t a t e  
v e c t o r  and t h r u s t i n g  p a r a m e t e r  u p d a t e s ,  g round  p a r t i c i p a t i o n  i n  
ECS p o s t  check  and GO/NOGO d e c i s i o n s .  F a i l u r e  t o  p e r f o r m  t h e s e  
t a s k s  w i t h i n  t h e  l i m i t e d  ground s t a t i o n  c o n t a c t  times w i l l  i m -  
p a c t  t h e  t i m e  i n  o r b i t .  (Because  o f  t h e  t o t a l  l e n g t h  o f  t h e  
t i m e l i n e  i n  T a b l e  I ,  t h i s  does n o t  a p p e a r  t o  b e  a p rob lem.  How- 
e v e r ,  i t  c o u l d  b e  a p rob lem i f  T L I  o c c u r r e d  a t  t h e  b e g i n n i n g  o f  
t h e  s e c o n d  A t l a n t i c  o p p o r t u n i t y . )  

O t h e r  p o s s i b l e  c o n s t r a i n i n g  a c t i v i t i e s  i n v o l v e  t h e  ECS 
r e d u n d a n t  component check and t h e  ECS p o s t  check .  (The ECS post .  
check  i s  e s s e n t i a l l y  a c o n t i n u a t i o n  o f  t h e  r e d u n d a n t  component 
c h e c k . )  These  t e s t s  a r e  conduc ted  to d e t e c t  any i n o p e r a t i v e  o r  
m a l f u n c t i o n i n g  components t h a t  m i g h t  be  s e l e c t e d  f o r  u s e  l a t e r  
i n  t h e  m i s s i o n .  However, s e v e r a l  r e d u n d a n t  components a r e  n o t  
checked  b e c a u s e :  1) an  e x c e s s i v e  amount o f  oxygen would be re-  
q u i r e d ;  2 )  a means o f  s e l e c t i o n  i s  n o t  i n c o r p o r a t e d ;  o r  3 )  a 
d i r e c t  i n d i c a t i o n  i s  n o t  a v a i l a b l e .  I n  a d d i t i o n ,  some p a r a m e t e r s  
a re  o n l y  t e l eme te red  t o  t h e  ground and t h e  i n f o r m a t i o n  r e l a y e d  
b a c k  t o  t h e  crew.  Both t e s t s  r e q u i r e  two or t h r e e  men and some 
p o r t i o n s  o f  t h e  t e s t s  r e q u i r e  t h a t  one man b e  l o c a t e d  i n  t h e  
l o w e r  equipment  bay ( L E B ) .  These  t e s t s  o b v i o u s l y  r e q u i r e  c l o s e  
c o o r d i n a t i o n  and t i m i n g .  

I n  summary t h e n ,  few o f  t h e  s p a c e c r a f t  s y s t e m s  check-  
o u t  i tems a re  t h e m s e l v e s  c o n s t r a i n i n g  e l e m e n t s  i n  t h e  s e n s e  t h a t  
t h e  S-IVB minimum r e s t a r t  t i m e  i s  a c o n s t r a i n t .  Some c o n s t r a i n t s  
e n s u e  from s e r i a l  o p e r a t i o n s ,  e t c . ,  b u t  t h e  r e a l  c o n s t r a i n t  re-  
s u l t s  f rom t h e  t o t a l  t i m e  r e q u i r e d  t o  p e r f o r m  a l l  o f  t h e  d e s i r e d  
checkou t  o p e r a t i o n s .  Some of t h e  checks  c o u l d  b e  e l i m i n a t e d  w i t h  
no i n c r e a s e  i n  t h e  p r o b a b i l i t y  o f  c a t a s t r o p h i c  f a i l u r e  ( e . g . ,  t h e  
EPS b a t t e r y  c h a r g e r  need  n o t  be  v e r i f i e d  p r i o r  t o  T L I ;  enough 
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power r ema ins  t o  p e r m i t  an  a b o r t  a f t e r  T L I  even  i f  t h e  c h a r g e r  
i s  i n o p e r a t i v e ) .  A l l  of t h e  s y s t e m s  a re  checked  and m o n i t o r e d  
p r i o r  t o  l i f t o f f  S O  t h a t  t h e  ear th  o r b i t a l  checkou t  becomes one  
o f  d e t e r m i n i n g  d e g r a d a t i o n  from t h e  S a t u r n  V Launch e n v i r o n m e n t .  
The checkou t  o p e r a t i o n s  are  n o t  pe r fo rmed  f o r  p u r p o s e s  of  de t e r -  
min ing  r e q u i r e d  r e p a i r s ;  r a t h e r  t h e y  a re  d e s i g n e d  t o  d e t e c t  
a b o r t  c i r c u m s t a n c e s  p r i o r  t o  t h e  T L I  commitment. 

Rega rd ing  t h e  " t o t a l  t ime c o n s t r a i n t "  t h i s  p r e l i m i n a r  
es t imate  ( T a b l e  I )  o f  a c t i v i t i e s  r e q u i r e d  p r i o r  t o  T L I  shows th:t 
a b o u t  136 m i n u t e s  are  r e q u i r e d  i n  e a r t h  o r b i t .  Assuming f o r  t h e  
moment t h a t  t h i s  estimate i s  f i r m ,  t h e r e  would be no  s e c o n d  
A t l a n t i c  i n j e c t i o n  o p p o r t u n i t y  r e g a r d l e s s  o f  f l i g h t  a z i m u t h  o r  
l a u n c h  da t e .  (The f i r s t  A t l a n t i c  and f i r s t  P a c i f i c  o p p o r t u n i t i e s  
were e l i m i n a t e d  by t h e  S-IVB r e s t a r t  c o n s t r a i n t . )  

On t h e  o t h e r  hand ,  R e f e r e n c e  11 shows tha t  t h e  r e q u i r e d  
t i m e  i n  o r b i t  p r i o r  t o  T L I  i s  a b o u t  84 m i n u t e s ,  which would a l l o w  
a s e c o n d  A t l a n t i c  o p p o r t u n i t y  on e s s e n t i a l l y  any l a u n c h  d a y .  
Bo th  t i m e l i n e s  have  b a s i c a l l y  t h e  same sys t em c h e c k o u t s ;  however ,  
t h e y  d i f f e r  s i g n i f i c a n t l y  i n  t h e  e s t i m a t e d  t imes t o  c o m p l e t e  t h e  
a c t i v i t i e s  and i n  t h e  d e t a i l e d  i tems checked .  U n t i l  t h e  t imes 
r e q u i r e d  f o r  g i v e n  a c t i v i t i e s  become "real"  r a t h e r  t h a n  " e s t i -  
mates" and t h e  s p e c i f i c  sys tem checks  become mandatory  r a the r  
t h a n  h i g h l y  d e s i r a b l e ,  t h e  impact  on t h e  e a r t h  o r b i t a l  t i m e l i n e  
c a n n o t  b e  f u l l y  assessed. T e s t  m i s s i o n s  and s i m u l a t i o n s  prior 
t o  t h e  l u n a r  l a n d i n g  m i s s i o n  w i l l  p r o v i d e  t h i s  i n f o r m a t i o n .  

I V .  OPEN ITEMS WHICH COULD IMPACT THE TIMELINE 

There  a r e  two i t e m s ,  c u r r e n t l y  unde r  i n v e s t i g a t i o n ,  
which c o u l d  i m p a c t  t h e  e a r t h  o r b i t a l  t i m e l i n e .  The f i r s t  con- 
c e r n s  t h e  u s e  o f  a n  a i r  or p u r e  oxygen a tmosphe re  t o  p r e s s u r i z e  
t h e  CM on t h e  pad .  I f  a i r  i s  s e l e c t e d ,  t h e  CM a tmosphe re  may 
r e q u i r e  e n r i c h m e n t  w i t h  oxygen p r i o r  t o  T L I .  (Oxygen e n r i c h -  
ment w i l l ,  o f  c o u r s e ,  be r e q u i r e d  t o  a c h i e v e  a v i a b l e  CM e n v i -  
r o n m e n t ) .  There are b a s i c a l l y  f i v e  i n t e r r e l a t e d  p a r a m e t e r s  
t h a t  a re  b e i n g  c o n s i d e r e d  i n  t h e  s t u d i e s  t o  g e n e r a t e  an a c c e p t -  
ab l e  p r o c e d u r e  f o r  e n r i c h i n g  t h e  a i r .  They a re :  1) the  a l l o w a b l e  
t i m e  i n t e r v a l  b y  which t h e  CM a tmosphe re  must be made v i a b l e ;  
2 )  t h e  r e q u i r e d  p e r c e n t a g e  of oxygen i n  t h e  a tmosphe re  p r i o r  t o  
T L I ;  3 )  t h e  q u a n t i t y  of gaseous  oxygen a l l o w e d  f o r  e n r i c h m e n t ;  
4) t h e  v a r i o u s  c o m b i n a t i o n s  o f  g a s e o u s  and c r y o g e n i c  oxygen f l o w  
r a t e s ;  and 5 )  t h e  a l l o w a b l e  l e v e l  o f  d e p r e s s u r i z a t i o n .  

A s  a n  example o f  t h e  p o s s i b l e  impac t  on t h e  ear th  
o r b i t a l  t i m e l i n e ,  a p r e l i m i n a r y  a n a l y s i s  o f  t h e  s e q u e n c e  of 
o p e r a t i o n s  i n d i c a t e d  t h a t  oxygen r e p l e n i s h m e n t  o f  an  a i r  atmos-  
p h e r e  added 18 m i n u t e s  on t o  a n  a l ready l e n g t h y  136 m i n u t e  

0 

0 
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minimum t i m e  p r i o r  t o  TLI  ( R e f e r e n c e  1) .  The p r o c e d u r e  f o r  oxy- 
gen  r e p l e n i s h m e n t  i n  Refe rence  1 r e q u i r e s  a l l  t h r e e  crew members .  
Each crew member must :  1) v e r i f y  s u i t  i n t e g r i t y ,  s p a c e c r a f t  con- 
n e c t i o n s  and s w i t c h  p o s i t i o n s  p r i o r  t o  c a b i n  dump; 2 )  conduc t  
s u i t  l e a k  checks  d u r i n g  t h e  dump; and 3 ) m o n i t o r  p r e s s u r e  b u i l d -  
up .  S e v e r a l  words o f  c a u t i o n  a re  a p p r o p r i a t e .  N e i t h e r  t h e  above  
men t ioned  minimum t i m e l i n e  nor t h e  oxygen r e p l e n i s h m e n t  p r o c e d u r e  
has been  v e r i f i e d  i n - f l i g h t  or b y  s i m u l a t i o n s .  Also, t h e r e  a r e  
s e v e r a l  o t h e r  p r o c e d u r e s  f o r  oxygen r e p l e n i s h m e n t  t h a t  r e q u i r e  
l e s s  or more t i m e  t h a n  t h e  18 m i n u t e s  men t ioned  above .  ( R e f e r e n c e s  
2 t h r o u g h  7 p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  on t h i s  s u b j e c t . )  

The s e c o n d  open i t e m  c o n c e r n s  t h e  need  f o r  a s p a c e -  
c r a f t  i n e r t i a l  p l a t f o r m  ( I M U )  r e a l i g n m e n t  p r i o r  t o  T L I .  The 
s p a c e c r a f t  g u i d a n c e  s y s t e m  i s  a backup to t h e  l a u n c h  v e h i c l e  
g u i d a n c e  s y s t e m  f o r  t h i s  maneuver.  Hence, a r e a l i g n m e n t  en-  
h a n c e s  t h e  a c c u r a c y  o f  t h e  maneuver if i t  i s  pe r fo rmed  i n  t h e  
backup mode. The I M U  i s  i n i t i a l l y  a l i g n e d  p r i o r  t o  l i f t o f f .  
The a z i m u t h  a l i g n m e n t  i s  v e r i f i e d  b y  s i g h t i n g  on a g round  t a r -  
g e t  w i t h  t h e  s p a c e c r a f t ' s  o p t i c s  b e f o r e  s p a c e c r a f t  c l o s e - o u t  
( a b o u t  T-10 h o u r s ) .  The az imuth  a l i g n m e n t  i s  m a i n t a i n e d  by  
gy rocompass ing  u n t i l  t h e  p l a t f o r m  i s  re leased  ( i n e r t i a l l y  f i x e d )  
s h o r t l y  b e f o r e  l i f t o f f .  However, due t o  t h e  i n a c c u r a c y  o f  gy ro -  
compass ing ,  t h e  az imuth  u n c e r t a i n t y  i n c r e a s e s  d u r i n g  t h i s  p e r i o d  
o f  t i m e .  A f t e r  l i f t o f f ,  p l a t f o r m  d r i f t  f u r t h e r  i n c r e a s e s  t h e  
i n a c c u r a c y  o f  t h e  i n e r t i a l  r e f e r e n c e .  A s t u d y  has been  p e r f o r m e d  
( R e f e r e n c e s  8 and 9 )  t o  compare,  i n  terms o f  t h e  30 p e n a l t y  a t  
t h e  f i r s t  midcour se  c o r r e c t i o n  ( M C C ) ,  t h e  e a r t h  o r b i t a l  and  
t r a n s l u n a r  i n j e c t i o n  n a v i g a t i o n  c a p a b i l i t i e s  o f  t h e  l a u n c h  ve-  
h i c l e  and t h e  s p a c e c r a f t  and t o  compare t h e  a d v a n t a g e s  o f  s p a c e -  
c r a f t  p l a t f o r m  r e a l i g n m e n t  v e r s u s  no r e a l i g n m e n t .  I n  b r i e f ,  
t h e  a d v a n t a g e  o f  a r e a l i g n m e n t  ( a  s t a t e  v e c t o r  u p d a t e  was assumed 
f o r  b o t h  c a s e s )  i s  o n l y  abou t  1 6  f p s  ( 3 a )  i n  t h e  f i r s t  MCC. I n  
a d d i t i o n ,  i t  may be  o p e r a t i o n a l l y  p r e f e r a b l e  t o  r e a l i g n  t h e  p l a t -  
fo rm p r i o r  to T L I  t o  e s t a b l i s h  c o n f i d e n c e  i n  t h e  s p a c e c r a f t ' s  
o p t i c a l  a l i g n m e n t  s y s t e m .  I f  r e a l i g n m e n t  i s  deemed n e c e s s a r y ,  
i t  would r e q u i r e  from 2 0  t o  30 m i n u t e s  and c o u l d  c o n s t r a i n  o t h e r  
c h e c k o u t  o p e r a t i o n s .  

V. SUMMARY . 
All i d e n t i f i a b l e  c o n s t r a i n t s  t o  t h e  e a r t h  o r b i t a l  

t i m e l i n e  have  been l i s t e d  and b r i e f l y  d i s c u s s e d .  Due t o  t h e  
S-IVB r e s t a r t  c o n s t r a i n t ,  t h e  s p a c e  v e h i c l e  must r e m a i n  i n  
o r b i t  a t  l ea s t  e i g h t y  m i n u t e s .  T h i s  p r e c l u d e s  u s i n g  e i t h e r  
t h e  f i r s t  A t l a n t i c  or f i r s t  P a c i f i c  o p p o r t u n i t y .  Due t o  t h e  
c u r r e n t  S-IVB/IU o r b i t a l  l i f e t i m e  c o n s t r a i n t  t h e  maximum t i m e  
i n  e a r t h  o r b i t  i s  270 m i n u t e s .  These c o n s t r a i n t s  p e r m i t  s econd  
and  t h i r d  i n j e c t i o n  o p p o r t u n i t i e s  f rom e i t h e r  l a u n c h  window. 
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The o p e r a t i o n a l  c o n s t r a i n t s  and checkou t  r e q u i r e m e n t s  were p r e -  
s e n t e d .  The amount o f  t i m e  r e q u i r e d  f o r  s y s t e m s  c h e c k o u t s  i s  
s o f t ,  p e n d i n g  f l i g h t  and s i m u l a t i o n  v e r i f i c a t i o n ,  and c o u l d  
f u r t h e r  c o n s t r a i n  i n j e c t i o n  o p p o r t u n i t i e s .  F i n a l l y ,  two open 
items have  been  i d e n t i f i e d  which c o u l d  a f f e c t  t h e  o r b i t a l  t i m e -  
l i n e ;  namely,  1) whe the r  a i r  or oxygen i s  u s e d  on t h e  p a d ,  and 
2 )  whe the r  o r  n o t  a n  I M U  r e a l i g n m e n t  i s  r e q u i r e d  i n  e a r t h  o r b i t .  

2 0 1 3  -RED-w c S 

At tachmen t s  
Appendix A 
T a b l e  I 
T a b l e  I1 
R e f e r e n c e s  

R .  E .  D r i s c o l l  
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A P P E N D I X  A 

The f o l l o w i n g  i s  a b r i e f  d e s c r i p t i o n  o f  t h e  a c t i v i t i e s  
shown i n  T a b l e  I .  

P o s t  I n s e r t i o n  Check - T h i s  check  c o n s i s t s  o f :  1 ) a  p r e l i m i n a r y  
e v a l u a t i o n  o f  c r i t i c a l  s p a c e c r a f t  s y s t e m s ,  s u c h  as t h e  ECS and 
t h e  EPS; 2 )  a d e t e r m i n a t i o n  o f  t h e  a c h i e v e d  o r b i t  a f t e r  which 
t h e  GO/NOGO d e c i s i o n  i s  made; and 3 )  r e c o n f i g u r i n g  t h e  s p a c e -  
c r a f t  f o r  c o a s t i n g  f l i g h t .  ( T h i s  i n c l u d e s  d e a c t i v a t i n g  t h e  SPS 
g i m b a l  m o t o r s ,  s a f i n g  t h e  p y r o t e c h n i c  d e v i c e s ,  d i s a b l i n g  t h e  
CM RCS p r o p e l l a n t  j e t t i s o n i n g  l o g i c  and removing t h e  e n t r y  
b a t t e r i e s  f rom t h e  main power b u s s e s . )  

SM and CM RCS Moni to r  - The SM RCS check  i n c l u d e s  v e r i f i c a t i o n  
o f  s w i t c h  p o s i t i o n s ,  quad t e m p e r a t u r e s ,  h e l i u m  p r e s s u r e  and 
p e r c e n t a g e  of p r o p e l l a n t  q u a n t i t y  r e m a i n i n g .  The CM RCS check 
i n c l u d e s  v e r i f i c a t i o n  o f  s w i t c h  p o s i t i o n s ,  a check  o f  he l ium 
t e m p e r a t u r e  and p r e s s u r e ,  and a p r e s s u r e  check  o f  p r o p e l l a n t s .  
The RCS i s  n o t  f i r e d  d u r i n g  t h e s e  c h e c k s .  

ECS M o n i t o r i n g  - T h i s  check  c o n s i s t s  o f  v e r i f y i n g  t h a t  t h e  f o l -  
lowing  i tems a r e  w i t h i n  s p e c i f i c  l i m i t s :  1) ECS r a d i a t o r  i n l e t  
and  o u t l e t  t e m p e r a t u r e s ;  2 )  g l y c o l  e v a p o r a t o r  o u t l e t  t e m p e r a t u r e ;  
3 )  e v a p o r a t o r  steam p r e s s u r e  and d i s c h a r g e  p r e s s u r e ;  4) t e m p e r a t u r e  
and  p r e s s u r e  o f  s u i t  and c a b i n ;  5 )  p a r t i a l  p r e s s u r e  o f  C 0 2 ;  

6) oxygen f low r a t e ;  and 7 )  water q u a n t i t y .  

SPS Moni tor  - T h i s  check i n c l u d e s  v e r i f i c a t i o n  t h a t  t h e  p r e s s u r e s  
and  t e m p e r a t u r e s  o f  t h e  p r o p e l l a n t  t a n k s  a r e  w i t h i n  s p e c i f i c  
l i m i t s  and a t e s t  o f  t h e  p r o p e l l a n t  u t i l i z a t i o n  and gaug ing  sub-  
s y s t e m .  

EPS M o n i t o r i n g  - T h i s  i n c l u d e s :  1) a c r y o g e n i c  p r e s s u r e - q u a n t i t y  
check ;  2 )  a f u e l  c e l l  power p l a n t  check ;  3 )  a D-C Voltage-Amperage 
c h e c k ;  and 4) an  A-C V o l t a g e  check .  

ECS Redundant Component Check - T h i s  i n c l u d e s :  1) t h e  r e d u n d a n t  
s u i t  compresso r  check ;  2 )  t h e  ECS r e d u n d a n t  g l y c o l  pump check ;  
and  3 )  t h e  number 1 and number 2 O2 demand r e g u l a t o r s  c h e c k s .  

Docking Check - T h i s  c o n s i s t s  of a c t i v a t i n g  t h e  d o c k i n g  p robe  
and  v e r i f y i n g  on d i s p l a y s  t h a t  i t  e x t e n d s  f u l l y .  

B a t t e r y  Charg ing  - T h i s  c o n s i s t s  of c o n n e c t i n g  t h e  b a t t e r y  c h a r g e r  
t o  a n  e n t r y  b a t t e r y  and v e r i f y i n g  b a t t e r y  c h a r g i n g  c a p a b i l i t y .  
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P I P A  Bias Check - T h i s  c o n s i s t s  o f  programming t h e  computer  
t o  a c c e p t  a c c e l e r o m e t e r  r e a d i n g s  d u r i n g  t h e  c o a s t i n g  f l i g h t ,  
f o r  a b o u t  a f i v e - m i n u t e  i n t e r v a l ,  t o  d e t e r m i n e  a c c e l e r o m e t e r  
b i a s .  

S i n g l e  and Dual I n v e r t e r  O p e r a t i o n  Check - T h i s  check  i s  accom- 
p l i s h e d  b y  p l a c i n g  t h e  s t a n d b y  i n v e r t e r  or i n v e r t e r s  on A-c bus  
1 or 2 ,  one a t  a t i m e  and removing t h e  a c t i v e  i n v e r t e r  f rom t h e  
bus t o  which t h e  s t a n d b y  i n v e r t e r  i s  a p p l i e d .  

P y r o  B a t t e r y  Check - T h i s  check c o n s i s t s  of a vo l t age -amperage  
check  of  t h e  two p y r o  b a t t e r i e s .  

SPS L i n e  H e a t e r s  - T h i s  check i s  accompl i shed  by a c t i v a t i n g  t h e  
SPS l i n e  h e a t e r s ,  u s i n g  t h e  two a l t e r n a t e  modes a v a i l a b l e ,  and 
m o n i t o r i n g  t h e  SPS p r o p e l l a n t  t a n k  t e m p e r a t u r e  f o r  1 0  m i n u t e s ,  
f o r  e a c h  mode s e l e c t e d ,  t o  d e t e c t  an i n c r e a s e  i n  t e m p e r a t u r e  
t o  i n s u r e  p r o p e r  hea te r  o p e r a t i o n .  

Manual Cryo Heaters and Fans Tes t  - T h i s  i s  accompl i shed  b y  
a c t i v a t i n g  t h e  hea te rs  and f a n s  u s i n g  t h e  a l t e r n a t e  manual  
mode and m o n i t o r i n g  t h e  c r y o g e n i c  t a n k s  f o r  a p r e s s u r e  i n c r e a s e .  

E n t r y  M o n i t o r i n g  System (EMS) Check - The EMS has f i v e  t e s t  
p o s i t i o n s  t o  check t h e  o p e r a t i o n a l  s t a t u s  o f  t h e  s y s t e m .  A l l  
f i v e  t e s t  p o s i t i o n s  a r e  a c t i v a t e d  and checked .  

IMU F i n e  Alignment - T h i s  c o n s i s t s  of 1) programming t h e  com- 
p u t e r  f o r  a l i g n m e n t ;  2 )  s e l e c t i n g  s t a r s  f o r  t h e  a l i g n m e n t ;  
3 )  maneuver ing  t h e  s p a c e  v e h i c l e  for s t a r  a c q u i s i t i o n ;  4) u s i n g  
t h e  o p t i c s  t o  s i g h t  on and mark t h e  s t a r s ;  5 )  m o n i t o r i n g  com- 
p u t e r  p r o c e s s i n g ;  and 6 )  p e r f o r m i n g  a f i n e  a l i g n m e n t  check .  

Communications Test  - T h i s  c o n s i s t s  o f  c h e c k i n g  t h e  v a r i o u s  
communicat ion modes o f  t h e  u n i f i e d  S-Band sys t em.  

C a u t i o n  and Warning System V e r i f i c a t i o n  Check - T h i s  check  con- 
s i s t s  o f  a check o f  t h e  l amps  i n  t h e  C&W sys t em on t h e  main 
d i s p l a y  c o n s o l e .  

SM RCS T h r u s t e r  F i r i n g  T e s t  - T h i s  i s  a dynamic check  o f  t h e  SM 
RCS t h r u s t e r s .  T h r u s t e r s  a r e  f i r e d  momentar i ly  t o  p r o v i d e  p l u s  
and  minus p i t c h ,  yaw and roll movements which a r e  m o n i t o r e d  by  
t h e  crew. 
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SCS Alignment - This consists of aligning the backup attitude 
reference system to the IMU reference. 

,Condition Lamp Teat - This is a check of the G&N system condition 
lamps and involves activation and testing of the condition lamps 
in the lower equipment bay. 

Water Gun Test - This consists of actuating the water gun to 
verify its operation. 

Urination - This is a test of the urination subsystem using 
water for simulated urination. 

ECS Post Check - This is essentially a continuation of the ECS 
redundant component check. It includes: 1) checks of main re- 
gulators 1 and 2; 2) checks of all suit circuits using accumu- 
lators 1 and 2; 3) checks of redundant urine dump heater (requires 
ground participation); 4) checks of the glycol secondary coolant 
loop; and 5) checks of two cabin fans. 

Guidance and Navigation System AV Preparations - This consists 
of a ground generated update of the spacecraft's state vector 
and thrusting parameters, a verification of IMU alignment and 
a verification of the CMC pre-thrusting program. 

Fuel Cell Purge - This is a check of the fuel cell purge sub- 
system. 
then H2, on each fuel cell, one at a time. 

Final TLI Preparations - This check consists of: 1) calling up 
the CMC thrusting program and verifying that it is properly up- 
dated; 2) connecting the entry batteries to the main busses in 
preparation for peak power load operation, and configuring the 
EPS for dual inverter operation; 3) setting the proper SPS 
gimbal angles and activating the SPS gimbal motors; 4) verifying 
status of the C&W system; 5) monitoring the space vehicle's TLI 
attitude maneuver; and 6) performing a final countdown to S-IVB 
engine ignition. 

Purging is accomplished by sequentially purging 02, 
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TABLE I1 

DEFINITIONS 

CM 

CMC 

CRY0 

C & W  

ECS 

EMS 

EPS 

f P  s 

G & N  

I M U  

I U  

LEB 

MCC 

MS FN 

P I P A  

PY RO 

RCS 

scs 
SM 

SPS 

S-IVB 

T L I  

AV 

Command Module 

Command Module Computer 

Cryogen ic  

C a u t i o n  and Warning 

E n v i r o n m e n t a l  C o n t r o l  Sys tem 

E n t r y  M o n i t o r i n g  System 

E l e c t r i c a l  Power S y s t e m  

F e e t  P e r  Second 

Guidance and N a v i g a t i o n  

I n e r t i a l  Measurement Un i t  

I n s t r u m e n t  Uni t  

Lower Equipment Bay 

Midcourse C o r r e c t  i o n  

Manned Space  F l i g h t  Network 

P u l s e d  I n t e g r a t i n g  Pendulous  A c c e l e r o m e t e r  

P y r o t e c h n i c  

R e a c t i o n  C o n t r o l  S y s t e m  

S t a b i l i z a t i o n  and  C o n t r o l  System 

S e r v i c e  Module 
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